Although the 99% decrease seen in global polio incidence between 1988 and 2000 represented remarkable progress towards polio eradication, tackling the last 1% of polio has proved tantalizingly difficult. Pockets of endemic transmission currently persist both on the border between Afghanistan and Pakistan and in northern Nigeria. These pockets have permitted the reinfection of countries that were previously polio-free. Global strategic plans for polio eradication set out the activities, resources and financing needed to overcome the managerial, technical and security challenges faced by those tasked with the interruption of poliovirus transmission. However, polio eradication also depends on the less tangible but equally important human qualities of energy,
Introduction
Progress towards polio eradication has been remarkable. The annual number of polio cases recorded worldwide fell by 99% between 1988, when the Global Polio Eradication Initiative (GPEI) was established, and 2000. 1 However, tackling the last 1% of polio has proved difficult. 1 Although the number of countries where polio was endemic fell rapidly after the launch of the GPEI, from at least 125 in 1988 to 20 in 2000, 1 progress in eradicating polio has since slowed. In 2006 polio was still endemic in Afghanistan, India, Nigeria and Pakistan and only India has been declared polio-free, in 2012. 1, 2 In the last few years, travellers from the few countries where polio remains endemic have carried poliovirus into countries that were polio-free. Nigeria) were identified. 4 The GPEI's Strategic Plan for 2010-2012 subsequently set out the activities, resources and financing needed to overcome these challenges. 5 In 2010, the GPEI established the Independent Monitoring Board to monitor and guide the plan's progress. The
Board's chairman, Sir Liam Donaldson, stated that although "polio eradication is on a knife edge", it was "still feasible, but more urgency is needed to complete the task". 6, 7 Reflecting this urgency, the World Health Assembly declared in May 2012 that the completion of polio eradication constituted a "programmatic emergency for global public health", and an appropriate Emergency Action Plan for 2012-2013 was developed. 8 The GPEI has concentrated on the technical considerations for stopping poliovirus transmission, to the neglect of the key human qualities that will also be needed. The
Independent Monitoring Board has advised that "the style and approach to management of the global programme need reorientation" 7 and has warned that the GPEI runs the common risk "for change management programmes to pay too little attention to the human factors, to overorientate themselves to the technical elements of a challenge". 7 The aim of this paper is to help redress the balance by identifying the human qualities that have contributed to the progress made so far and that need to be highlighted in attempts to eradicate polio. These qualities are considered first in relation to embracing the goal of polio eradication and second in relation to overcoming the main roadblocks to the interruption of poliovirus transmission.
Embracing the goal
All landmark achievements in science and its application require imagination. For example, although the enthusiasts for human genome sequencing in the 1980s were often considered wildly optimistic or hopelessly deluded, sequencing of the human genome was completed in 2001 9 thanks, in large part, to the imagination and vision of the enthusiasts. Similar imagination and vision -as well as a sound strategy and a strong likelihood of technical feasibility -are needed by those attempting to globally eradicate an infectious disease. Efforts to eradicate malaria, yaws and yellow fever all foundered on the "rock" of doubtful technical feasibility. Polio eradication is, however, based on a sound and adaptable strategy, similar to the one used to eradicate polio in the Americas in 1994 (Table 1) , and on technical feasibility. 10, 11 A few years ago, the persistent pockets of poliovirus transmission in the Indian states of Uttar Pradesh and Bihar were regarded as a "stress test" of the technical feasibility of polio eradication. Certain technical difficulties in achieving high enough immunity levels to halt poliovirus transmission in the affected areas were observed. One was low vaccine immunogenicity. These problems had been exacerbated by behaviours and conditions that dramatically enhanced the local populations' vulnerability to poliovirus infection, such as indiscriminate defecation, contaminated water supplies, high population densities, malnutrition, unclean supplementary infant feeds, high birth rates and inter-birth intervals of less than 1 year. 3 Despite all of these conditions, India was declared polio-free in February 2012; this provided definitive evidence of the technical feasibility of polio eradication.
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Within the overall strategy, tactical awareness is needed to harness the full benefits of an improved understanding of the relationship between population immunity and interruption of poliovirus transmission. One reason for the considerable inter-country variation in the progress made towards polio eradication is that the level of population immunity needed to halt the transmission of wild poliovirus can differ substantially between geographical areas.
The GPEI's Strategic Plan for 2010-2012 reflected the observation that, to stop local transmission of poliovirus, the percentage of the population that needs to have poliovirusspecific immunity is higher in Asia (> 95%) than in sub-Saharan Africa (80-85%). 5 Eradication efforts in Asia are currently focused on the few districts and subdistricts where transmission, though highly localized, persists. The aim is to achieve the high immunity thresholds needed to halt transmission in Asia through frequent campaigns of supplementary immunization activities with exceptionally high coverage. Although the aim in Africa is also to achieve high coverage with supplementary immunization activities, these will have to be run over relatively few campaigns and a relatively wide area to decrease the risk of recurrent outbreaks following importation of poliovirus into previously polio-free areas.
In some settings, particular population subgroups and communities -e.g. nomads, migrant labourers and other highly mobile groups of people, those with relatively poor access to public services and those (often minorities) who otherwise make scant use of public services -play an important role in sustaining polio transmission. In discussion with relevant local leaders, tailored approaches have been developed, for implementation by special polioeradication teams, to address the special needs of such groups. The GPEI has shown tactical awareness by recently taking on board the lessons learnt through more than 20 years of experience in strategic planning. For example, the GPEI's Strategic Plan for 2010-2012 reflects four key lessons learnt (Table 2) , each with a specific tactical implication. 5 
Interrupting transmission
The stakeholders' determination to overcome operational barriers to the interruption of poliovirus transmission is complemented by key human qualities that are relevant to each of the technical, managerial and security challenges identified during the independent evaluation conducted in 2009 4 in the then-endemic areas in northern India and northern Nigeria and on the Afghanistan-Pakistan border (Table 3) .
Technical challenges

Need for more research
The success of global polio eradication hinges on innovation for several reasons. First, when adapting an older strategy, such as that developed in the Americas in the 1990s, for current use in other settings, not all of the obstacles that may be encountered can be anticipated. An example of such an unexpected obstacle is the relatively low efficacy of oral polio vaccine observed in northern India. 13 This obstacle was, however, successfully overcome by an innovation: the development of a new bivalent vaccine. Second, the decades needed to achieve eradication provide time for important developments in, for example, diagnostics, vaccinology and cold-chain technology that can enhance programme effectiveness and reduce costs. Third, potentially important aspects of the pathogen or its control that were unrecognized at the outset of the eradication programme (e.g. vaccine-derived polioviruses)
can be investigated and identified as the programme progresses. In the late stages of polio eradication, as the transmission of wild poliovirus is interrupted, the proportion of polio cases caused by circulating vaccine-derived polioviruses is expected to increase. 14 To try to resolve this problem, the plan is to switch from trivalent oral vaccines to the bivalent vaccines that are more genetically stable. The use of all oral polio vaccines will be stopped once the transmission of wild poliovirus is interrupted.
Since the GPEI's inception, the key stakeholders have built the GPEI's capacity to pursue an active and wide-ranging research agenda. For example, the United States Centers In the late stages of polio eradication, the GPEI will need to promote and support innovation to address remaining problems and issues, such as the immunological basis of multiple vaccinations, the ages of children to be vaccinated, and the optimal utilization of new oral and inactivated vaccine constructs. In the eradication of polio from the areas of persistent transmission in Asia, a key research challenge is to improve vaccine effectiveness and reduce the thresholds of population immunity required to stop poliovirus circulation. Operational research to improve programme performance should be tailored to the specific challenges of each remaining endemic area (e.g. improving lot quality assurance sampling in Nigeria) and the resolution of key eradication issues such as the use of short-interval additional doses of oral vaccine for outbreak response. 3 Improvements in the GPEI's capacity for social science research could help to obviate the problems arising from unfounded fears over vaccine safety, particularly the persistent myths, rumours and misconceptions in Nigeria and Pakistan that contribute to vaccine refusal. 3 Further focus on practical programmatic research is needed to improve the quality of vaccine campaigns and surveillance. Although we may have the data 
Post-eradication strategies
The interruption of wild poliovirus transmission globally is not the end of polio, but it is the beginning of the end. Two important risks will need to be managed 
Managerial challenges
Levels of routine immunization
Global eradication of any disease that crosses national borders requires international collaboration. The solidarity between nations that has permitted tremendous progress to be made towards polio eradication must be reinforced in the late stages of eradication and the post-polio era. 17 Such solidarity is a common strand running through several health initiatives, including the Expanded Programme on Immunization. In the independent evaluation that was conducted in 2009, low levels of routine immunization -which were partially attributed to inadequate collaboration between GPEI and the Expanded Programme on Immunizationwere identified as one of the main challenges to the successful interruption of poliovirus transmission. 3 By exploiting all of the opportunities for collaboration between the GPEI and the Expanded Programme on Immunization, it should be possible to improve the performance of both initiatives. Such collaboration will be essential in the polio "endgame strategy" and also in the post-eradication era, when reliance on inactivated polio vaccine will make house- to access and engage subnational leaders. In the late stages of polio eradication -as the impact of polio becomes less visible and concern over vaccine-related polio grows -it will become harder for local community members involved in mobilization and immunization to articulate convincing reasons for the immunization of each child.
GPEI's authority and control
Openness and accountability at all levels of the GPEI will promote effective and efficient performance. At the national level, GPEI has had little authority or control over those local implementing entities that are performing poorly. This has been a huge constraint on progress. 3 Greater openness on the part of national and subnational authorities would put the spotlight on areas in which the quality of eradication activities is currently insufficient to interrupt poliovirus transmission. This would enable collaborating partners to concentrate extra resources and enhanced technical assistance where they are most needed. The Independent Monitoring Board already monitors the progress of the Strategic Plan for 2010-2012 against major milestones and process indicators and advises countries and partner agencies on any corrective actions that are needed. 23 Independent quarterly assessment of indicators of programme performance for each polio-infected country will enable prompt remedial action wherever underperformance is identified. In treating polio eradication as a global health emergency, the Independent Monitoring Board presents its reports "frankly, objectively, and without fear or favour." 7 Evidence of the Board's frankness can be seen in its recommendation that "Pakistan should fundamentally rethink its national emergency plan, focusing on what can be done to enhance meaningful accountability". 7 Openness on the part of the GPEI's senior management is a requirement for the consultation and decision-making needed for the GPEI to streamline its administrative structure, and to promote effective and efficient performance.
Disparities in country support
Fast-changing epidemiology and cash flows often require nimbleness in the reallocation of funds. Responding to resource constraints, the GPEI has developed new mechanisms to evaluate and prioritize activities for maximum effect. 
Security challenges
Program adaptability
The solving of operational problems requires both adaptability and learning from experience.
Myths need to be overcome, the standard of outbreak response needs to be improved, and 
Conclusion
Attention to the key human qualities needed for success is as important for polio eradication as it was for smallpox eradication. 25 The global eradication of polio depends on increasing herd immunity, through mass vaccination, to counterbalance the factors that favour persistent poliovirus transmission and the vulnerability of a population to poliovirus (i.e. poverty, overcrowding, conflict, political instability, low levels of education and sanitation and high fertility). To tilt the balance and stop poliovirus transmission, various human qualities need to be enhanced, highlighted, invigorated and intensified. These human qualities, which can be -Oral vaccine campaign and monitoring strategy tailored to local circumstances in different countries.
Immunity gaps allow virus to persist in smaller areas and subgroups than thought.
-District-specific plans and capacity -Special tactics for underserved populations -Independent monitoring of campaigns Routes of poliovirus spread and outbreaks are now largely predictable.
-Immunization systems strengthening -New outbreak response standards -Preplanned, synchronized campaigns Optimizing the balance of the monovalent oral vaccines is much more difficult than anticipated. Table 3 . Main challenges to the interruption of poliovirus transmission, 2009 Category Challenges Technical -Need for more research on immunological basis of multiple vaccinations, ages of children to be vaccinated, and optimal use of new oral and inactivated vaccine constructs -Too little attention paid to post-eradication strategies that may ultimately determine the success of the GPEI Managerial -Low levels of routine immunization, with inadequate collaboration between GPEI and the Extended Programme on Immunization -Inadequate commitment and deployment of resources at local, grass-roots level -Little GPEI authority or control over poorly-performing local programmes, and complicated GPEI administrative structure globally and within countries -Disparities in country support by GPEI Security -Need to develop programme capacity to adapt tactics to operate with sufficient safety in conflict-affected areas and reach target groups
